This letter presents an algorithm for selecting a low delay for the modified discrete cosine transform (MDCT) 
I. Introduction
The modified discrete cosine transform (MDCT), based on the type-IV discrete cosine transform (DCT-IV), is used widely in a range of speech codecs and audio codecs, such as G.729.1 for speech and MPEG and AAC for audio. Unlike a Fourier transform, the inverse MDCT (IMDCT) results are not reconstructed perfectly, due to aliasing. Therefore, MDCT and IMDCT use the time domain aliasing cancellation technique to obtain a perfect reconstruction [1] . On the other hand, an algorithmic delay occurs during this process. The algorithmic delay of the MDCT-based codec is equal to the frame length and is an important factor in the codec because it can cause quality problems in the communication system. The MDCT-based codec, however, requires the algorithmic delay of the frame length.
This letter presents an algorithm called the low-delay MDCT (LD-MDCT). The proposed algorithm can select the algorithmic delay for the MDCT or IMDCT using a reduced 
II. LD-MDCT and LD-IMDCT
As shown in Fig. 1 , the non-overlapping transforms, such as DCT-IV, cause aliasing in lossy compression coding. To eliminate this aliasing, the MDCT based on the DCT-IV is developed by an overlapping transform. MDCT requires a 50% overlap-add (OLA), and an algorithmic delay occurs. The LD-MDCT is developed to reduce the delay needed for the lookahead. The 2N-point MDCT and N-point IMDCT are respectively defined as (2) where N is the frame length, x(k) is the original signal, ( ) x n is the reconstruction signal, w(n) is the reduced overlap window, and D is the phase for aliasing cancellation.
D in the conventional MDCT is fixed to N. On the other hand, D in the LD-MDCT changes according to the desired delay. D is equal to the lookahead length and is defined as:
where d is a positive number. The result of the MDCT or IMDCT is changed by the value of D and has the following symmetry properties [2] :
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where w KBD (n) is the KBD window. The KBD window function is defined in terms of the Kaiser window w K (n) and is defined as
where I 0 is the zeroth-order modified Bessel function of the first type and α is an arbitrary real number that determines the shape of the window. In the frequency domain, it determines the tradeoff between the main lobe width and side lobe level. Figure 2 gives an illustration of (5) [3] , [4] . The proposed window shape is similar to the adaptive window shape proposed in [5] . As shown in Fig. 3(a) , however, the proposed KDB window is better than the adaptive window in terms of the analysis tools for the frequency response [6] .
Unlike a conventional MDCT, the delay of the LD-MDCT can be reduced. For example, a conventional MDCT with a frame size of 320 must have a lookahead of 320 samples, 
This signal is not the same as the input signal. A perfect reconstruction is achieved by removing the aliasing signal using the OLA. The OLA length is reduced with the zeros on 
III. Performance Evaluation
The LD-MDCT is applied to the G.729.1 speech codec (16 kbps) to evaluate the performance of the LD-MDCT [7] . The input speech signals consist of 20 sentences spoken by males and 20 sentences spoken by females. G.729.1 has an algorithmic delay of 48.9375 ms (20 ms for the input superframe, 20 ms for the MDCT lookahead, 5 ms for the LPC lookahead, and 3.9375 ms for the QMF analysis-synthesis filter bank). The MDCT lookahead delay is reduced using the LD-MDCT. If D is N/16, the MDCT lookahead delay becomes 1.25 ms. The result of the perceptual evaluation of the speech quality (PESQ) test for the G.729.1 output (3.8642) is the same whether using the conventional MDCT or the LD-MDCT. Despite the reduced delay, the LD-MDCT indicates the same performance as that of the conventional MDCT. Figure 5 shows the process of a perfect reconstruction in the LD-MDCT (N/2 delay, where N is the frame length [100 samples]). Figure 5 (a) shows a speech input signal of 300 samples. Figure 5 (b) presents the LD-MDCT coefficients of the signal in the previous frame. The alias is introduced due to the 50% decimation in the LD-MDCT (from 2N time domain samples to N independent frequency domain coefficients) [8] . Because of this aliasing, the LD-MDCT introduces redundancy (from N frequency domain coefficients in Fig. 5(b) to the 2N time domain samples in Fig. 5(d) ). 
IV. Conclusion

